Potential therapeutic uses of fenugreek, Trigonella foenum-graecum, are famous in traditional medicine. More recently, it has been revealed that total saponin content in the defatted seed extract is related to the hypocholesterolemic activity of the seeds. Enhancement of growth of fenugreek plant and saponins content in the seeds was the main target of the current investigation. This was attained by the application of all possible combinations of humic acid (1000 ppm), micronutrients foliar fertilizer (1000 ppm) and salicylic acid (300 ppm). Data were recorded on leaf content of chlorophylls (a and b) and carotenoids, pods number and weight per plant, seed weight per plant, seed yield per feddan, weight of thousand seed, seed fixed oil percentage, fixed oil yield per feddan and total steroidal saponins in defatted seed extract. Different treatments exerted significant effect for improvement of the measured characteristics. Humic acid alone or combined with either or both of salicylic acid and the foliar fertilizer exhibited the best yield characteristics including seed and oil yields per feddan and total content of steroidal saponins.
Introduction:
Fenugreek (Trigonella foenumgraecum L.) belongs to family Leguminosae. It is an annual crop which is native to the Mediterranean region (Petropoulos, 2002) , grown as a spice in different regions of the world. It is a cultivated crop in many countries of northern Africa, Europe, Asia, north and south America and Australia (Hardman, 1968 , Edison, 1995 and Fazli and Petropoulos, 2002 . Fenugreek is one of the oldest known historical medicinal plant (Lust, 1986) . Its seeds and leaves have medicinal values for reducing blood sugar and lowering blood cholesterol in humans and animals (Dahanukar et al., 2000) . The young plants are used as pot herbs and seeds are considered as a spice or herbal medicine. The seed is an important source of steroidal saponins especially diosgenin which are used extensively by pharmaceutical industries. Diosgenin is often used as a precursor for steroidal drugs and many hormones such as glucocorticoids, testosterone and progesterone (Fazli and Hardman, 1968 and Raghuram et al., 1994) . Steroidal saponins was reported by McAnuff et al. (2002) as effective agents for the treatment of the disorders associated with diabetes.
Micronutrients have been used in improving growth and productivity in fenugreek (Chhibba et al., 2007; Pariari et al., 2009 and Aishwath et al., 2011) . It has been found by Lal et al. (2015) that spraying fenugreek plants with the three concentrations of zinc (0.4, 0.5 and 0.6%), had a considerable effect since the highest number of branches/plant (6.57), number of pods/plant (51.80) and maximum seed yield (1544.43 kg/ ha.) were obtained with foliar application of 0.5% zinc. The economic part of fenugreek is seed. So considering the seed production an increased yield of 2.43% over control was found with applying boron at 0.1%. The highest seed yield was obtained with boron at 0.1% followed by zinc at 0.2% and 0.3% (Pariari et al., 2009) .
Humic acid has an essential role in crop farming and soil fertility. The humic substances improve soil fertility and increase the availability of nutrient elements by holding them on mineral surfaces (Tuncturk et al., 2016) . It increases cation exchange capacity and enhances soil fertility, converting the mineral elements in to forms available to plants (Stevenson, 1994) . Humic substances enhance the uptake of nutrients by the plant root through the transporter proteins localized in the cell membrane (Yilmaz, 2007 , Tipping, 2002 and Kulikova et al., 2005 . It acts as a sponge-like tampon in the wide pH scale. Its activity may be changed by various pH levels but neutralizes soil pH, therefore many trace elements can be readily available to the plant. Humic acid exerts beneficial effects on plant growth and development even though some convers exist (Chen and Aviad, 1990 and Padem and Ocal, 1999) .
Salicylic acid (SA) as a growth regulator is usually used to regulate growth and flowering of medicinal plants. It is a phenolic compound produced naturally by plants and plays an important role in responses to many of pathogen attack and abiotic stresses (Noreen et al. 2009 and Abdelaal, 2015) . The SA has also been investigated for its effects on more physiological processes related to growth and development of plants under control. These effects include flowering induction in herbaceous species (Hegazi and El-Shrayi, 2007) , enhancement of root development, as well as stomatal closure and reduced transpiration (Singh and Usha, 2003) , conversion of abscisic acid effects (Davies, 2004) and gravitropism regulation (Hussein et al., 2007) . As a regulator of flowering, SA has been reported in many plant species of various families (Hayat et al., 2007) . In addition to regulate flowering time, SA also links defense responses and reproductive development (Martínez et al., 2004) .
The objective of this study was to explore the effects of micronutrients, humic acid and salicylic acid and their combinations on seed yield, production quality and seed steroidal saponin contents of fenugreek.
Material and Methods:
A field experiment was conducted during the two successive seasons of 2016/2017 and 2017/2018 at the Floriculture Experimental Farm, Faculty of Agriculture, Assiut University, Assiut, Egypt. The experimental design included seven spraying treatments in addition to untreated control: I. Nutrifol (Nu) 1000 ppm. Salicylic acid produced by El-Nasr Co. for Intermediate Chemicals (NCIC), Egypt. The soil physical and chemical characteristics of the experimental field are presented in Table 1 which were done according to the methods described by Jackson (1973) and Black et al. (1982) . Plot area was 2 x 1.5m comprising 3 rows 60 cm apart. Seeds of fenugreek were sown by hand at 25 cm in row, three seeds in each hole, and thinned after germination (2 seedlings/hole). Seeds of fenugreek were planted in mid-October in the first and second seasons. Foliar sprays of different growth promoting substances were applied four times starting one month after planting and repeated three times at three-week intervals. Samples were selected randomly from plants of the middle row of each plot and data were recorded as follows: leaf content of chlorophylls (a, b) and carotenoids were estimated using the acetone incubation method described by Krishnan et al. (1996) . The measurements of yield components were pod number/ plant, pod weight (g/ plant), seed weight (g/ plant), seed yield (kg/feddan), weight of 1000 seed (g), fixed oil percentage and fixed oil yield (l/feddan) in addition to determination of total steroidal saponin in the defatted seeds. All agricultural practices including preparation of soil, sowing of seeds, irrigation, thinning, weed control and harvesting were performed as recommended during the two seasons.
Determination of seed content of steroidal saponins:
After oil extraction by Soxhlet apparatus, 0.1 g of the defatted residue was collected in a falcon centrifuge tube where 3 ml methanol was added and left overnight on the shaker, followed by centrifugation. The same extraction procedure was done twice more. At the end, super-natants of methanol extracts of the three extraction times were pooled together and the solvent was evaporated by the rotary evaporator. A yellowish crystal powder was finally which contained the crude saponins which was spectrophotometrically determined according to the method described by Baccou et al. (1977) , Uematsu et al. (2000) and Wang and McAllister (2010) with slight modifications. 2 ml of ethyl acetate was used to dissolve the dry samples containing steroidal saponins, to which 1 ml of 0.5% (v/v) p-anisaldehyde in ethyl acetate and 1 ml of 50% (v/v) H 2 SO 4 in ethyl acetate was added. The mixtures were then left at 60° for 10 m for reaction and color development. Saponin present in samples is deglycosylated via acid hydrolysis, such that chromophore development arises from total saponin+sapogenin in a sample. After incubation, tubes were cooled with a cold tap water bath and an aliquot of 0.5 ml of distilled water was added to each sample. The chromophore developed in the deglycosylated samples via acid hydrolysis was measured at 430 nm absorbance in a spectrophotometer (UV OPTIZEN POP, Korea). The control blank for the measurement was ethyl acetate assayed in similar manner. For the calibration curve, 4-40 µg standard diosgenin in 2 ml ethyl acetate was used.
Data was statistically analyzed using "F" Test (Snedecor and Cochran, 1989 ) and L.S.D. value for comparison between means of treatments according to Steel and Torrie (1982) . Statistical analysis was performed using Statistix 8.1 program.
Results and Discussion:
Data presented in Table 2 showed that application of different growth promoting substances; Nutrifol, Humic acid, Salicylic acid and their combination among both or all of those substances exhibited considerable significant variations in all parameters studied during both seasons except the carotenoids content in the second season. Nutrifol (micronutrients) individually competes with humic acid to overcome the salicylic acid and the control plants. Nutrifol recorded the best values in chlorophyll "b", carotenoids, number of pods and the fixed oil percentage parameters. Humic acid individually recorded the highest values in the other parameters in competition with Nutrifol and untreated plants. The highest value of chlorophyll "a" (0.150) was observed by spraying of Nu+HA+SA (80.72%) followed by Nu+SA (65.06%), both treatments resulted in significant increases compared with the control. Chlorophyll "b" content increased when plants treated with Nu+HA+SA (0.803 and 0.893 during both seasons, respectively) followed by Nu+HA (0.790 and 0.890 during first and second seasons, respectively). Regarding carotenoids content in fenugreek leaves, control (water spray) produced maximum content of carotenoids pigment (0.516) followed by Nutrifol (0.469) in comparison with other treatments. HA+SA and Salicylic acid individually produced the lowest value of carotenoids content in the first and second seasons.
The same trend of result was observed by different previous authors such as Khattab and Omer (1990) who reported a promotive effect of zinc application on plant growth and yield of fennel. The positive effect of zinc may be due to the fact that zinc favours the enzyme system, auxin and protein synthesis and seed production directly or indirectly (Sharma et al., 1999) . Increment in fennel seed yield of 19.05% was recorded by Sharangi et al., (2002) due to the application of boron at lower concentrations. The positive effect may be due to increasing value of pod number per plant, seed number per pod and the test weight.
Considering yield components, the maximum number of pods per plant was found with Nu+HA at 133.26% (20.27) closely followed by Nu+HA+SA at 130.49% (20.03) during the first season, in the second one the same treatments has also been observed as the superior in comparison with other treatments but each of them exchanged its location with the another. The heaviest pod/plant (6.93 and 5.78 g in the first and second seasons, respectively) was also observed in Nu+HA+SA followed by Nu+HA (6.80 and 5.55 g in the both seasons). The lightest pod/plant was noticed in the control producing 3.20 and 3.82 g in the first and second seasons, respectively).
Seed weight/plant, seed yield/feddan and thousand seed weight are presented in Table 3 . The seed weight per plant was maximum (2.96 g) in the plants treated with Nu+HA+SA followed by HA+SA (2.64 g). Similar observation was found in seed yield/feddan as recorded 1182.7 and 1057.3 kg for both treatments, respectively. Also, parameter of thousand seed weight showed the same trend where Nu+HA+SA recorded the heaviest (17.80 g) followed by HA+SA (16.40 g), however the control treatment produced the lightest thousand seed weight (13.10 g). Tuncturk and Tuncturk (2017) declared that humic acid applications have positive effects on fenugreek plant growth, yield and quality parameters. In addition to the impact of humic substances on the soils (physical, chemical and biological properties), they have a direct effect on plant growth. It was recorded that the best seed yield (916.0 kg/ha) was obtained from 900 kg/ha humic acid dose application.
The economic parameters of fenugreek for this experiment are fixed oil percentage, fixed oil yield and steroidal saponin content in defatted seeds. So, the fixed oil production increased of 72.77% over control with spraying of Nu+HA+SA. The maximum fixed oil percentage (6.18 and 6.41% in the first and second seasons, respectively) was obtained with Nu+HA+SA followed by HA+SA (5.33 and 5.53% in both seasons). The same parameter trend has also been observed in the fixed oil yield/feddan. Spraying of Nu+HA+SA and HA+SA produced maximum yield at rate 73.04 and 56.32 kg/fedan in the first season and 71.71 and 50.17 kg/fedan in the second one, respectively. The control plot (water spray) produced the lowest values in both seasons (Table 3) . To interpret these results, the effect of SA on plant functions should be understood. Salicylic acid is an effective factor in regulating plant growth processes as previously shown by Singh (1993) who found that SA stimulated root formation in young shoots of ornamental plants. Spraying SA at the flowering stages of cotton increased boll numbers as resulted by Hampton and Oosterhuis (1990) . This positive effect could be explained upon the effect of SA on increasing CO2 assimilation and accordingly photosynthetic rate in addition to the increase in mineral uptake (Karlidage et al. 2009 ). An additional explanation for the promotive influence of SA on growth and yield might be its effect on the hormonal status of the plant which involve the auxin, cytokinin and ABA balances (Shakirova, 2007) . As shown in Figure 1 , significant effect of Nu+HA+SA treatments was found on the steroidal saponin content for both seasons. In terms of growth promoting applications, the highest value was obtained as 4.82 and 4.12 mg/g defatted extract from plants treated with Nu+HA+SA during the first and second seasons, respectively. But, the lowest values were obtained as 2.26 and 1.91 mg/g defatted extract from plants sprayed with water only (control) during the first and second seasons, respectively. Promotion in plant growth and the nutrients uptake with the addition of humic acid had been reported by various researchers (Chen and Aviad, 1990; Fagbenro and Agboda, 1993 and David, et al., 1994) . The previous results indicated that humic acid application enhanced the micronutrients uptake (Hosam El-Din, 2007) and spraying with micronutrients led to an activation of physiological process and uptake of plant nutrients (Arif et al., 2006 and Nadim et al., 2012) . Doi: 10.21608/ajas.2019 .41869 Abdul-Hafeez, E.Y., 2019 
